The aim of the present study was to determine the effect of pork carcass backfat thickness on the dissection efficiency of four primal cuts (ham, loin, shoulder, belly), including correlation coefficients. The research material consisted of 80 pork carcasses. Backfat thickness (mm) was measured on cold half-carcasses using a vernier caliper at 6 points: at the first cervical vertebra (atlas), over shoulder at the thickest point, on the back, at the beginning, center, end of the gluteus medius muscle (CI, CII, CIII). On the basis of the average backfat thickness, measurements from 6 points were separated into two experimental groups: I (<25 mm); II (≥25 mm). Detailed dissection of the elements was performed to define mass (g): total, intermuscular fat, bones and lean meat. The significant effect of fat thickness on intermuscular fat content regardless of the cut was noted. Correlations between the average backfat thickness of 6 points and the total weight of the four main elements were calculated. In addition, the correlation coefficients were compared between the dissection elements and the average backfat thickness of 6 and 5 points. Higher backfat thickness determined the increase in the total mass of loin, shoulder and belly. A statistically proven correlation was shown between the average backfat thickness and the total mass of the analysed elements (r=0.293). When comparing the correlation coefficients of a different number of measurements a specific tendency was observed. Positive correlation coefficients were slightly higher for an average of 5 points of backfat thickness and negative correlation coefficients were slightly higher for an average of 6 points. Statistical differences between groups were recorded at the same level for the same parameters (P≤0.001 and 0.01<P≤0.05). The average backfat thickness of 6 points can be used as an indicator of the amount and quality of pork carcass primal cuts, with no adverse effects compared to standard 5 points. 
Introduction
The commercial quality of pork declines from year to year. The improvement of pigs in the direction of higher lean meat content has led to an increase in this trait such that a satisfactory level has now been achieved (Lisiak, et al., 2012) . Unfortunately, the consequence of these actions has been to reduce the flavor by reducing the proportion of subcutaneous, intermuscular and intramuscular fat in primal cuts (Kortz, et al., 2002; Nguyen, et al., 2004) .
The main source of fat in the human diet (especially saturated fatty acids) is meat and preparations derived from it (Jankowiak, et al., 2010) . A specific ratio of these acids is necessary to extract the desired qualities of flavour. Growth of muscle tissue during fattening is associated with the deposition of protein and fat in the body (Schnickel, et al., 2001) . Fat is deposited at first in the form of subcutaneous fat and then intermuscular and intramuscular (De Smet, et al., 2004) . Therefore, increasingly often meat plants have begun to focus on higher slaughter weight associated with a longer period of fattening to receive raw material with the highest quality and commercial value (Strzelecki, et al., 1997) .
Carcass value is determined primarily by meat and fat content (Lisiak, et al., 2011) . The quality of slaughtered pigs is closely linked with the primal cuts and tissue composition (Karamucki, et al., 2004) and as has been proven with increasing slaughter weight and increased weight of cuts (Borzuta, et al., 2010) . There is a strong relation between the value of primal cuts and the economic value of the whole carcass. Thus, other (new) techniques of cuts and dissection of elements are sought for a more accurate determination of the total carcass value (Marcoux, et al., 2007) .
The overall lean meat content does not give a lot of information, so valuation based on the primal cuts may be more accurate (Pulkrabek, et al., 2006) . The quantity and quality of basic cuts have become major determinants of the commercial value of the pork carcass.
From a practical point of view, it is essential to determine the commercial value as soon as possible and then sort the carcasses to the appropriate market. Thanks to this method, it could be possible, already in the cold stores, to differentiate and estimate the development of processed raw material processed according to requirements. Unfortunately, there is as yet no simple and easy-to-use method for the rapid assessment of the expected quantity and quality of pork carcass primal cuts, although one easy-to-measure indicator may be backfat thickness.
In the present study the effect was determined of pork carcass backfat thickness on the dissection efficiency of four primal cuts (ham, loin, shoulder, belly), including correlation coefficients.
Materials and Methods
Fatteners came from the Polish mass population and were slaughtered in a professional meat plant located in the Pomeranian province (53.7141°N, 17.5846°E). The carcasses were bled, separated along the centre line and deprived of tongue, bristle, hooves, genital organs, perirenal fat, kidneys, diaphragm, eyes, middle ear, brain and spinal cord. For further studies, only carcasses with weights between 60 and 120 kg were classified. The average carcass weights in experimental groups were similar. Finally, the research material consisted of 80 pork carcasses.
After 24h cooling, backfat thickness (mm) was measured at 6 points on right halfcarcasses using a vernier caliper: at the first cervical vertebra (atlas), over the shoulder at the thickest point, on the back, at the beginning, center, end of the gluteus medius muscle (CI, CII, CIII). On the basis of the average backfat thickness of 6 measurements, the material was divided into two experimental groups: a) I -group average backfat thickness <25 mm; b) II -group average backfat thickness ≥25 mm.
The sex ratio was almost similar for each experimental group, 19 barrows and 20 gilts for group I, 20 barrows and 21 gilts for group II.
Dissections were performed according to EU reference methodology (EC Regulation no. 1249 /2008 Walstra and Merkus, 1996) by specially trained personnel on the same half-carcasses. The four primal cuts were analysed for the purpose of the experiment: ham, loin, shoulder and belly. Detailed dissection of the elements was performed to define mass (g): total, intermuscular fat, bones and lean meat.
Numerical material was analyzed statistically using the STATISTICA (2013) statistical program. The values were determined by calculating the arithmetic mean ( ) and standard deviation (SD). The collected data were checked for normality with the Kolmogorov-Smirnov (K-S) test with Lilliefors correction. In addition, the BrownForsythe test (BF) determined whether the distributions of the variables had the same variance. To determine the statistical differences between the means, one-way analysis of variance (ANOVA) was used. The Pearson correlation coefficients (r) were calculated between the groups and the dissected elements. Levels of significance of differences were given as follows: 0.01<P≤0.05; 0.001<P≤0.01; P≤0.001.
Results
Dissection performance of four primal cuts (ham, loin, shoulder and belly) divided based on average backfat thickness from 6 measurements is shown in Table 1 . Analyzing the ham, it should be noted that the highest statistically confirmed difference (P=0.005) between the treatment groups was observed for intermuscular fat. For group II, intermuscular fat content was higher by up to 47 g compared to Group I. A confirmed statistically significant difference (P=0.03) between the groups was observed for the mass of bones. Half-carcasses with an average backfat thickness below 25 mm were characterized by a higher mass of bones. Very large differences were shown for the total mass and mass of intermuscular fat of the loin. The average mass of this cut was about 855 g higher in group II, with a simultaneous increase in intermuscular fat mass of 153 g. Statistically higher (P=0.005) intermuscular fat mass was demonstrated in group II for the shoulder. Increased backfat thickness determined the higher total mass of cuts. Backfat thickness for the belly primarily influenced intermuscular fat content and the total mass, as was observed for the loin.
In the study, the total mass of four primal cuts was calculated, which consisted of the sum of the masses of ham, loin, shoulder and belly (Figure 1 ). Statistically confirmed correlations (P=0.001) were reported between the average backfat thickness from 6 points and the total mass of four primal cuts r= 0.293. The total mass of four primal cuts (g)
Correlation coefficients between the average backfat thickness from 6 points, and the commonly used average backfat thickness from 5 points were compared in the present study (Table 2) . Between groups, statistical differences were recorded at the same level for the same parameters. However, a specific tendency was observed. Positive correlation coefficients were slightly higher for the average of 5 point backfat thickness and negative correlation coefficients slightly higher for the average of 6 point backfat thickness. The highest correlation coefficients were noted for intermuscular fat (positive) and the mass of bones for ham (negative), total mass and intermuscular fat of loin, intermuscular fat of shoulder, total mass and intermuscular fat of belly (for all P≤0.001). Lower statistical differences (P≤0.05) were observed for the lean meat mass of ham (negative) and the total mass of the shoulder (positive). 
Discussion
The highest effect of backfat thickness was noted on intermuscular fat mass for all analysed cuts. Similar results have been observed in other studies, where it has even been stated that the reduction in carcass fat content was associated not only with lower backfat but also intermuscular and intramuscular fat (Kortz, et al., 2002; Wajda, et al., 2005) . Intermuscular fat greatly influences the appearance of elements consisting of several muscle. Thus, it influences acceptance (or not) by consumers. Subcutaneous fat can be easily separated from these elements, while removing intermuscular fat is associated with interrupting stable connections between tissues (Kouba and Bonneau, 2009) . Just as in the study conducted by Kouba and Bonneau (2009) , the highest share of intermuscular fat for belly and the lowest for ham were demonstrated although average backfat thickness (experimental group) correlated in varying degrees to this parameter. The only effective way to evaluate the content of this fat is dissection. Even modern magnetic resonance imaging is not able to accurately determine the content of this parameter due to the previously mentioned stable connections (Monziols, et al., 2006) . Therefore, it is possible to note the important role of the correlations obtained in this study and the differences between groups. This helps to determine assessment visually assessment without cutting. A similar number of observations and half-carcass weight enabled an objective comparison of the experimental groups.
The highest percentages of lean meat content depending on the experimental group were noted respectively for ham (72 and 66%), shoulder (64 and 60%), belly (60 and 54%) and loin (56 and 49%). The values were higher than those presented by Winiarski, et al. (2004) . One reason for the discrepancy was probably the higher halfcarcass weight and the mass of ham, shoulder, and lower mass of belly in comparison with the cited work. This is related to the changing structure of the fattener mass population in the following years (Lisiak, et al., 2012) . It has also been shown that the higher the lean meat content, the higher the proportion of carcass primal cuts with a higher lean meat content (Nowachowicz, 2009) . Between the groups very high declines were reported in the share of lean meat. It could be explained on the basis of the disclosed negative correlations for the lean meat mass of the individual cuts.
The level of meat content of pig carcasses has a very large impact on the balance between the primal cuts. Our research indicates that fatness determines the mass and composition of the tissue. Skałecki, (2006) showed a significant negative correlation between the backfat thickness in different places (from r=-0.6 to r=-0.84) and meatiness. Similar results were obtained in another study (Winiarski, et al., 2004) . Lisiak, et al. (2011) and Borzuta, et al. (2010) observed that with the increase of lean meat in the carcass there was an increased proportion of ham, loin and shoulder and a decreased proportion in the belly, although the trend is not clear. On the other hand, Zybert, et al. (2005) reported the impact of hot carcass weight on the mass of meat and fat. Marcoux, et al. (2007) found that, because of the differences in construction, carcasses with similar weight may have different dimensions of primal cuts. In our study, despite the unified carcass weight individual differences were also observed. The results indicate that higher fatness acts on the total mass of the loin, shoulders and belly. The average percentage content of the four cuts (ham, loin, shoulder, belly) analyzed in the study was approximately 65% and 67%, respectively, for group I and II. Similar values were demonstrated in other research (Lisiak, et al., 2011) .
The correlations obtained in our study between the average backfat thickness and the mass of the four main cuts were positive. That would explain the observation of significantly higher intermuscular fat content, which contributed to the total mass of the elements. The belly is a cut that contains a lot of subcutaneous and intermuscular fat, and is most responsive to an increase in average backfat thickness (Pulkrábek, et al., 2006) ; and this is partly confirmed in our results.
To date, studies have focused mainly on reducing body fat, without tracking carcass quality consequences. Muscles and fat are the main features of the quality of pig carcasses and individual primal cuts. A very good indicator of pig body fat is the backfat thickness (Jankowiak, et al., 2010) . Research (Pulkrábek, et al., 2006) has shown that with an increase in meatiness the average backfat thickness decreases. The study by the same authors demonstrated that backfat thickness at the point of CI differed by as much as 50% between groups S and R.
An innovative solution proposed in this study was to take into account the average backfat thickness of 6 measurements. An additional measurement at the first cervical vertebra (atlas) gives a cross-sectional image of the whole half-carcass. Overall characteristics of the elements expressed by correlation was, however, almost identical between 5 and 6 measurements. However, it should be noted that there were stronger negative correlations with the average of 6 measurements.
Additionally, the correlation coefficients obtained in our study, regardless of the number of measurements, were similar to those presented in the research conducted by Skałecki, (2006) . The exception was the loin and positive correlations for total mass (both proved in our research), which was the reason for the high increase in intermuscular fat mass.
Optimization of backfat thickness is almost impossible because the deposition of fat in the body depends on many factors, in particular genetic and nutritional ones (Skiba, et al., 2012) . Crossing the border of balanced muscle tissue and fat growth causes rapid growth of the fat. Confirmation may be demonstrated by positive correlations for weight before slaughter and backfat thickness from r=0.23 to r=0.57 (Skałecki, 2006) . Demonstration of the relationship between simple measurements and the real value of the carcass contributes to the estimation of a raw material management regime. The present study proved that backfat thickness affects especially the mass of intermuscular fat and the total mass of primal cuts and it is an important source of information. The average backfat thickness of 6 points can be used as an indicator of the amount and quality of pork carcass primal cuts, with no adverse effects compared to standard 5 points.
